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**Background:**

Metastatic spine lesions frequently require surgery in order to achieve decompression of the spinal cord and restoration of spinal stability. A variety of systems have been developed for dorsal stabilization. In patients with prolonged life expectancy due to an improvement of both systemic and local therapy, treatment results can be impaired by a loosening at the implant-bone interface or mechanical failure. Furthermore, early detection of a metastatic recurrence using sensitive imaging modalities like computed tomography (CT) and magnetic resonance imaging (MRI) is possible in these patients without artefact interference by using carbon fiber- reinforced polyetheretherketone (CFRP) implants. The aim of our study was to evaluate the clinical applicability and results of this relative new radiolucent system for pedicle screw stabilization in the thoracolumbar spine.

**Materials and methods:**

In a retrospective study, 27 patients with metastatic lesions of the thoracic und lumbar spine were treated by posterior stabilization using CFRP pedicle screws. Postoperative imaging and clinical follow-up was possible in 25 patients.

**Results:**

Good primary stability was achieved in all cases. Follow-up (median 7 months, range 1-31 months) using CT and/or MRI revealed no failure of the CFRP pedicle screws and rods. There were no radiographic signs of implant loosening or dislocation. Four patients suffered from wound healing problems, one patient experienced a proximal junctional failure, three patients had a serohematoma in the surgical region and one patient underwent revision surgery for a misplaced pedicle screw.

**Conclusion:**

From these data, it can be concluded that implantation of the new radiolucent system provides sufficient middle-term stability for the requirements of selected tumor patients.
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**Background:**

Spinal metastasis occur in up to 10 % of all cancer patients. But only a minor part of these patients need spinal surgery. Different clinical prediction rules (CPR) are available to estimate the patient\'s life expectancy in order to identify the patients who will benefit from surgery. But in the presence of spinal cord injury, there is usually insufficient time to collect all needed information for a optimal decision-making.

**Materials and methods:**

We conducted our data search using our hospital\'s database for patients with spinal metastasis in a three-year period. Our inclusion criteria were: i. clinical presentation with metastatic spinal cord injury (Frankel grades A-D), ii. urgent spine surgery and iii. presence of data about the neurological outcome. Relevant clinical variables were extracted from the patients\' records and our database.

**Results:**

We could identify 22 patients who fullfill the inclusion criteria. Frankel grade D (n=13) was most common, followed by Frankel grade C (7) and B (2). The thoracic spine was the most affected section (n=12) and pathological fracture was present in 11 patients. Spinal fusion was the most frequent surgery. Histological examinations revealed mainly three diagnoses: lung cancer (6), myeloma (4), and prostate cancer (4). A slight neurological improvement (one Frankel grade) could be achieved in 6/22 patients, whereas 2/22 patients deteriorated. The follow-up results show similar neurological states after 3, 6 and 12 months. The median overall survival was 8.5 month. 14 patients received adjuvant spinal radiotherapy with a median dosage of 30 Gy, 2 patients died before radiation therapy was finished. Treatment (chemotherapy) of the primary tumor was performed in 17 patients with a median delay of 41 days after surgery of spinal metastasis.

**Conclusion:**

Malignant spinal cord injury as first manifestation of cancer disease is a devastating condition, leading to severe and mostly incurable neurological deficits. The overall survival depends on the primary tumor but seems to be poor. Surgery of spinal metastasis in this setting can stop further neurological deterioration in many cases, but significant improvement was not present in our collective. A delay of several weeks in the treatment of the primary tumor was present in almost all cases. Although the impact of this delay has not been investigated yet in this special setting, an association between treatment delay and decreased survival has been reported for different tumors. In the decision-making about spine surgery those facts should be included carefully, even when time is limited. Moreover, there is a need for further investigations about the surgical indication in these patients as recent publication did show good results for radiotherapy alone even in case of minor neurological defects.
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**Background:**

Spinal metastasis is a major cause of morbidity in cancer patients, leading to severe pain syndromes, spinal instability and neurological deficits. In this context, surgery for patients with spinal metastasis provides a promising benefit. But the treatment success is difficult to predict and the morbidity and mortality of surgical procedures is high. Clinical prediction rules focus on the life expectancy and not on the short term follow up. The aim of this study was to determine the 30-day mortality rate and to assess the ability of different CPR to predict the short term mortality in patients with spinal metastasis.

**Materials and methods:**

A retrospective analysis of surgically treated patients of spinal metastasis was performed in a three-year period. We extracted various clinical variables from the patients\' medical charts and our database. The CPR of Tomita and Tokuhashi were determined. A chi-square test was used to compare the 30-day mortality among different diagnoses. Multivariate logistic regression assessed whether Tomita and Tokuhashi score were independent predictors of 30-day mortality.

**Results:**

We identified a 30-day mortality rate of 0.11 (10/91). The leading cause of death was a rapid progress of the primary tumor (six cases), followed by respiratory insufficiency (two cases). Minor surgical complications were present in two cases. Among the different diagnoses, patients with lung cancer had a significant (p\<0.05) higher rate of 30-day mortality (6/22) than patients with non-lung cancer (4/69). Multivariate logistic regression show that Tomita Score (OR 2.48; p 0.012) but not the Tokuhashi score (OR 1.37; p 0.265) was a predictor for 30-day mortality.

**Conclusion:**

Spine surgery might appear promising from the surgeon\'s point of view in the context of spinal metastasis. But it must be explained to the patient that even the short term mortality is high after surgery for spinal metastasis, notably in case of lung cancer. A briefly evaluation of the individual situation might help to stratify the patients risk and to avoid futile treatment.
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**Background:**

Malignant spinal cord compression (MSCC) is a frequent phenomenon in advanced tumor diseases with varying, but often severe neurological impairments. Decompressive laminectomy is frequently used for surgical treatment of MSCC. Our study aims to analyze the impact of this procedure on the functional outcome of patients with complete motor paralysis.

**Materials and methods:**

A single center retrospective analysis of MSCC-patients with complete loss of motor and sensory function (Frankel grade A) treated with decompressive laminectomy between 2004-2014 was performed. Demographic as well as clinical data were collected from the patients\' hospital records. On imaging, the Epidural Spinal Cord Compression Scale (ESCC) was calculated. Frankel Grade (FG) was used to assess the patients\' functional outcome at discharge, the Spinal Instability Neoplastic Score (SINS) was evaluated to determine spinal stability and the ASA score was documented to define the patients\' overall health. Statistical analysis for possible correlations of various clinical parameters with the patients\' functional outcome was performed.

**Results:**

17 patients (6 female / 9 male; age 66±10 years) were identified. Lung (29%) was the most common primary tumor site and progressive disease was present in 76% of cases. Paresis was the first symptom in 65% of patients with a median duration of 1 day (IQR 1-4). On admission, all patients had no remaining motor or sensory function below the lesion level (FG A). Patients were unable to walk for a median duration of 24 hrs. (IQR 18-48). Imaging revealed prevalently thoracic MSCC (88%) with an ESCC scale of 3 in 76% and a SINS score \< 12 in 100% of cases. Emergency surgery (\<24 hrs.) was performed in all patients. Median time to surgery after admission was 8 hrs. (IQR 6-13). ASA score was 3 or 4 in 88% of patients and rates of complications and revision surgery were 12% and 0%, respectively. On discharge, FG had improved in 41% of patients and 23% had regained ambulation (FG D+E). Univariate predictor for a favorable outcome (FG D+E) was a higher Karnofsky performance index (KPI) (p\<0.05).

**Conclusion:**

Decompressive laminectomy used as an emergency surgical treatment for MSCC with a stable spine has beneficial effects on severely ill cancer patients with complete loss of motor and sensory function: Ambulation is regained in 23% of cases. A higher KPI prior to surgery (\> 30) may be a positive predictor for a favorable outcome.
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**Background:**

Brain metastases (BM) are classically well-circumscribed lesions. Still, the amount of edema in these neoplasms suggested either mechanisms of infiltration or defense.

With this knowledge, a better understanding of the mechanisms within the edema of BM seems reasonable, to preoperatively identify areas of infiltration and resect them.

Modern MR-algorithms may discover areas at high risk by perfusion, diffusion-weighted imaging and spectroscopy.

BM represent tumors with high energy-demand and cell-turnover, therefore they qualify for preoperative investigation with 31-Phosphorus - MR - Spectroscopy (31PMRS), revealing information about those characteristics.

**Materials and methods:**

10 patients with a BM in non-eloquent areas, were included in this prospective trial. All underwent preoperative standard MRI, with additional 31PMRS. In all patients, one voxel within the contrast-enhancing tumor (CE+), one voxel at the border (including CE+ areas and surrounding T2-hyperintensive (T2+)) and one distant voxel, purely including T2+ areas (but amable for supramarginal resection) where determined by a neuroradiologist and a neurosurgeon. A frameless stereotactic biopsy was performed after craniotomy and subsequently, the metabolites of the 31PMRS (including contralateral control) were analyzed and compared to the histopathological results.

**Results:**

Ratios, reflecting resynthesis (CE+/border/T2+: 1,109±0,192/1,112±0,158/1,083±0,097), hydrolysis (0,303±0,089/0,360±0,122/0,321±0,089), energy demand (4,227±2,35/3,453±1,284/3,599±0,833) and membrane turnover (1,239±0,2611/3,453±1,284/3,599±0,283 were calculated and compared intra-individual with a voxel from the contralateral side (resynthesis/hydrolysis/energy-demand/membrane-turnover: 1,063±0,085/0,335±0,073/3,317±0,7573/0,784±0,186). Resynthesis showed a trend towards higher ratios in CE+ and border biopsies without reaching statistical significances. This trend was also seen concerning energy-demand. Membrane-turnover was significantly higher in CE+, border zone and also in the T2+ areas compared to the control (p\>0,001).

**Conclusion:**

31PMRS in BMs provides information on metabolic changes in CE+, tumor and surrounding edema. There is a proof of enhanced metabolism in tissue without histological tumor manifestation.
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**Background:**

The purpose of this study is to compare the surgical outcomes, perioperative complications and mortality among en bloc, debulking, and palliative surgeries in patients with spinal metastasis (SM).

**Materials and methods:**

From 2008 to 2014, 127 patients who underwent surgical treatment for SM were enrolled retrospectively. Clinical analysis included primary cancer type, survival following spinal surgery, pre-and postoperative pain, Frankel and ECOG scores, perioperative complications and mortality depending on the type of surgery. Patients were grouped into: wide (en bloc) excision, debulking resection, and palliative (decompressive with or with instrumentation).

**Results:**

The major types of primary tumor were lung (28%), prostate (15%), breast (12%) renal (11%) and gastrointestinal (9%) cancer. 54% presented in good clinical conditions (ECOG 0-1). 25% were in good, 22% in intermediate and 54% in poor prognosis group as classified by the revised Tokuhashi score. 16% of operations were performed for cervical, 60% for thoracic, and 24% for thoracolumbal or lumbosacral SM. 18% were en bloc excisions, 11% were intralesional resections, and 81% were palliative operations. In 50 patients, dorso- or dorsoventral instrumentation was necessary. In 19% of patients, single or multiple complications occurred. In-hospital mortality was 4.4%. 48-months survival rates were 55% in the en bloc and 68% in the intralesional resection group, and mean postsurgical survival was 12,03 months for patients receiving palliative surgery (p\<0.0001). Mean survival times were significantly dependent on presurgical ECOG (p\<0.0001) and the revised Tokuhashi score (p\<0.0001). The kind and number of complications and clinical outcome did not correlate to surgical groups. Postsurgically worsened ECOG and Frankel scores were associated to interventions of the thoracic spine (p=0.0163 and p=0.06, respectively). Greatest neurological benefit and longest survival rates (24.13 months) were achieved for cervical interventions (versus 12.12 and 6.4 months for thoracic and lumbar metastatic disease), independently of the surgical group and presurgical ECOG and Tokuhashi scores.

**Conclusion:**

Best surgical outcome for metastatic disease to the spine can be achieved in tumors affecting the cervical region, whereas patients with thoracic metastases more often suffer from neurological and clinical postsurgical worsening. Perisurgical complications as well as neurological outcome is independent of the extend of surgical resection and histology.
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**Background:**

Under minimal invasive circumstances, without visible anatomical landmarks, placement of pedicle screws is not trivial, therefore more imaging is necessary. Often multiple additional intraoperative images increase the amount of radiation, in particular, if an intraoperative CT is used.

**Materials and methods:**

In three fresh frozen cadaver 12 pedicle screws (Viper, Depuy Synthes, Zuchwil, Switzerland) were implanted percutaneous in segments T10 to L1 with the aid of the robotic surgery assistant (ROSA-Spine, MedTech/Zimmer-Biomet, Montpellier, France). Preoperatively a 3D-fluoroscopy (Ziehm Vision RD Vario 3D, Nuernberg, Germany) was performed, with a tracer fixed to the spinous process for referencing of the robotic system. Trajectory planning was performed with the ROSA-software. The screws were then implanted percutaneously, guided by the robot without further fluoroscopy. After the procedure the final position of the screws was identified on 3D-fluoroscopy and compared to the preoperatively planned trajectories. Following grading system for pedicle screws was used: Grade 1: the screw is completely within the pedicle, Grade 2: screw of less than 2 mm outside the pedicle (pedicle breach), Grade 3: screw is over 2 mm outside the pedicle, Grade 4 : the screw is outside the pedicle, Grade 4A: screw is inside the spinal canal, Grade 4B: screw is outside the vertebra. Radiation was measured for the cervical and lumbar spine using a CT scan (Philips CT Ingenuity 128 4.0) and the Ziehm Vision 3D fluoroscopy.

**Results:**

Robotic placement was accurate and facilitated real time virtual visualization of the surgical procedure. A probe on the robot arm gave the distance and trajectory for the drill. The orientation of the instruments and the screws could be monitored by the surgeon throughout the procedure. Eleven of 12 pedicle screws were evaluated as optimal in transpedicular position (Grade 1), one as Grade 2. No major medial or lateral deviations or breaches of the pedicle wall were observed (No grade 3, 4, 4A, 4B). Radiation could be reduced up the factor of 48 in the cervical and factor 7 in the lumbar spine.

**Conclusion:**

The robot-guided pedicle screw placement, using 3D-fluoroscopy for referencing, is a reliable tool for minimally invasive pedicle screw implantation. Compared with intraoperative CT, 3D-fluoroscopy can dramatically reduced radiation exposure.
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**Background:**

The growing demand for short turnaround time and cost effectiveness in operating room management also affects intraoperative imaging and the management of its complex and expensive devices. Aim of this study was to examine our experience with a series of patients, treated with aid of a new double room CT scanner (DR-CT), which was used by several operative disciplines simultaneously.

**Materials and methods:**

A multislice CT scanner was installed in between two operating rooms, connected to a neuronavigation system with direct transfer of imaging data. Several neurosurgical teams (skull base, spine, vascular neurosurgery, stereotactic surgery) used the DR-CT simultaneously. In addition it was used by the Department of Surgery. For image acquisition, the sliding gantry moved into one operating room, whereas a moving wall was closed to the other one. Image quality, workflow, utilization rate, intraoperative CT (iCT) related complications and surgical procedures were analyzed retrospectively. Non-parametric data were compared by using the Mann-Whitney-U-Test.

**Results:**

Intraoperative CT-imaging in the DR-CT was undertaken 347 times between 01/09/2014 and 31/07/2016. Neurosurgical procedures included 23 skull base surgeries, 38 spine fusions, 8 vascular surgeries and 265 stereotactic procedures since 01/02/16. The iCT was used 11 times by the Department of Traumatology and once by the Department of Thoracic Surgery. Workflow analysis showed similar patient turnover times with (n=69) and without iCT (n=333) (Operating-room-cutting time: 41 ± 13 minutes vs 33 ± 9 minutes, p=0.53; suture-cutting time: 95 ± 18 minutes vs 100 ± 44 minutes, p= 0.97; time from the end of surgical measures to release of the next patient 25 ±16 minutes vs 40 ±44 minutes, p= 0.43). The hygienic cleaning of the gantry took 27±11 seconds (n=43). The iCT utilization rate increased from 2.6±1.4 per month during the introduction phase (09/14-06/15) to 24.8±25.3 per month during the routine use phase since 07/15, but did not differ significantly (p= 0.09). There were no iCT related complications and no operative procedure was hampered by ongoing iCT imaging in the neighboring OR.

**Conclusion:**

The concept of DR-CT in two operating rooms facilitates a broader and multidisciplinary use, increases the utilization rate and does not prolong patient turnover times. Substantial changes of the surgical workflow or surgical instruments are not necessary. The DR-CT may facilitate the availability of iCT for stereotactic procedures, intraoperative resection control, perfusion imaging and angiography, and implant control.
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**Background:**

Tethered Cord Syndrome (TCS) is characterized by neurological, musculoskeletal and urological symptoms that are caused by abnormal tension of the spinal cord. Radiographically, TCS presents with low lying conus, shortening of the filum and is often associated with (open or occult) spinal dysraphism, but can also occur in combination with other conditions such as Chiari malformation or posttraumatically. Microsurgical detethering is the therapy of choice in symptomatic TCS, but ideal timing of surgery especially in young children is still unclear. The aim of the current study was to analyse the outcome after microsurgical detethering with regard to age, preoperative symptoms, and neurological outcome.

**Materials and methods:**

Clinical records of all children and young adults under the age of 18 years treated at our institution for tethered cord syndrome between 01/2003 and 09/2017 and presented to our outpatient clinic at least once for follow-up were retrospectively analysed.

**Results:**

62 patients (28 male, 34 female) diagnosed with symptomatic tethered cord syndrome were included in the current study. Patients were postoperatively followed up for 3.0 years on average (0.3 - 10.5 years). Most common initial symptoms included bladder disturbances (87%), muscle weakness (82%), foot deformities (45.8%), bowel dysfunction (30.6%) and back pain (27.1%). Mean age at operation was 5.7 years (10 days - 18 years). 39 patients (62.9%) were diagnosed with myelomeningocele perinatally and had undergone repair within 4 months after birth; 7 of the remaining patients without open spinal dysraphism were diagnosed with occult spina bifida on MRI images performed for TCS related symptoms. All patients underwent microsurgical detethering under intraoperative electrophysiological monitoring. Intraoperatively, a spinal lipoma was resected in 12 cases, a dermal sinus excised in 3 cases. Perioperative morbidity was 12.9%: 4 cases of CSF leak, 4 cases of impaired wound healing requiring surgical revision. There was no postoperative worsening of symptoms. Bladder function improved in 64.8% of cases presenting with this symptom; recovery of urinary function tended to be more complete when patients were operated before the age of 4 years. Bowel dysfunction only rarely improved (3/19 cases presenting with this symptom, 15.8%). Pain abated in 62.5% of patients. Motor function significantly improved in 74.5% of patients. Of note, while of the 17 patients that were too young to stand and walk at the time of operation (below the age of 12 months) 12 were ambulatory at the time of last check-up, only one of 9 patients with detethering after the age of 1 year regained the ability to ambulate. Only four patients (6.5%) developed symptomatic re-tehtering and underwent second surgery; all of those patients were operated after 2.5 years of age, retethering occurred 2-10 years after initial surgery.

**Conclusion:**

Our results indicate that neurological outcome, especially recovery of motor function/ ambulation and possibly urinary function, after microsurgical detethering, is more favourable when surgery is performed early in life and when symptoms are mild. Further and prospective analyses are needed in order to validate these findings.
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**Background:**

Tethered cord syndrome caused by tight or fatty filum belongs to neural tube defects and is part of spina bifida occulta. In these cases, secondary neurulation and regression is disturbed and tension effects for the spinal cord occur with a variant of neurological symptoms of deterioration during growth. Most children have cutaneous stigmata like dimples, some may develop palsies of the lower extremities, gait disturbances, back and leg pain, pes equinus, club foot, scoliosis, bladder and bowl disturbances. If the symptoms already exist at first presentation the underlying myelopathy often do not resolve after surgery. Pediatric neurosurgeons actually tend to operate these patients in early childhood. Despite this fact the early intervention in such patients is not a standard of care in many hospitals. In the literature some series of about 20 children each have been reported.

For this reason, we have retrospectively evaluated our experience with the resection of tight or fatty filum in a multidisciplinary children operative center.

**Materials and methods:**

In this study we included 35 children, who received microsurgical division of tight or fatty filum between 1999 and 2017. The diagnose based on suspicious cutaneous stigmata or clinical symptoms. Cutaneous stigmata included sacral dimples, angiomas or an asymmetrical gluteal fold. Typical symptoms were club feet, leg size differences, scoliosis or muscle atrophy. When diagnosed, MRI scans of the entire neuro axis and a multidisciplinary evaluation were performed. During the treatment, the children were taken care of in a neuropediatric ward.

**Results:**

The mean age of the operated children (16 boys and 19 girls) was 3.2 years, 5 children were preterm infants. 15 children were younger than 2 years, 7 were over 10 years old at the time of surgery. The average follow-up period was 5.2 years. All patients with neurological symptoms improved, mostly the back and leg pain. Gait disturbances, stumbling, falls and pare disappeared in descending frequency. Existing bladder and bowel disturbances improved less frequently, scoliosis showed signs of improvement or were treated further by pediatric orthopedics. In a number of children, the tight filum was associated with an overlapping disease, spinal dysgenesis, hip dysplasia, and malformations of the pelvic organs. None of the operations resulted in a worsening of symptoms. Reoperations were not required and no secondary tethering was observed. CSF fistula did not occur. In two cases a wound infection was treated surgically. Children operated within the first 2 years of life presented with best outcome.

**Conclusion:**

We interpret these results as an argument for early surgery of asymptomatic tethered cord due to a tight or fatty filum. Surgical morbidity is low and early intervention reliably prevents the development, persistence or deterioration of neurological symptoms.
